Abstract This study examines the genetic variation in Basque Y chromosome lineages using data on 12 Y-short tandem repeat (STR) loci in a sample of 158 males from four Basque provinces of Spain (Alava, Vizcaya,
. Genetic evidence is used in support of both models. Synthetic gene map analyses based on classical markers exhibit a cline for several loci in the first principal component, accounting for approximately 27% of the total variation and spreading from southeast to northwest through Europe (CavalliSforza et al. 1994 ). This cline has been interpreted as a genetic signature of the DDM model, with a correlation of 0.89 between the first principal component of gene frequencies and temporal spread of agriculture into Europe (Ammerman and Cavalli-Sforza 1984) . Similar clines are reported for other autosomal markers, HLA-DQA plus six short tandem repeat loci (STRs), indicating "directional population expansion" (Chikhi et al. 1998: 9055) . Analysis of Y-chromosome STRs produce comparable results, with clinal variation in the frequencies of 12 of 27 alleles revealing maximum effective divergence times ( max ) ranging from 281-10,296 years, well within the Neolithic (Casalotti et al. 1999 ). This suggests that most of the variation present in the European Y-chromosome dates to this period, but research in Southeastern Europe suggests that this Neolithic expansion includes endogenous European haplogroups (Battaglia et al. 2009 ).
In support of the CDM hypothesis, evidence comes from paleoanthropology as well as genetic analyses. Advocates note that the Paleolithic expansion into Europe occurred from the same area as the Neolithic expansion, implying that the gradient seen in some classical markers might instead be a Paleolithic signal (Barbujani et al. 1998 ). In the Basque region, there is strong archaeological evidence of Paleolithic human occupation (Bertranpetit et al. 1995) . Analysis of prehistoric skeletal remains in Iberia show little transition in cranial morphology or evidence of dental caries between the Mesolithic and Neolithic, a transition which would be expected if the Mesolithic hunter/gatherers had been replaced by farmers with different dietary patterns (Jackes et al. 1997 ). Y-chromosome analyses reveal one haplotype (R1*M173), which appears to show evidence of expansion after the Last Glacial Maximum (Wells et al. 2001 ) and a "high degree of non-Neolithic ancestry" in populations of Iberia (Flores et al. 2004 ). Studies of Y-chromosome haplogroups among the Basques have demonstrated a high frequency of R1b, the most common haplogroup in Western Europe Calderon et al. 2003; Flores et al. 2004; Lucotte and Hazout 1996; Lucotte and Loirat 1999; Quintana-Murci et al. 1999 ). Examination of Y-haplogroup diversity in Southeastern Europe demonstrated that the timing of the spread of agriculture in the region overlaps with the expansion of European Haplogroup I-M423, suggesting a cultural diffusion of agricultural technologies by autochthonous groups (Battaglia et al. 2009 ). Analysis of mitochondrial HVS-I sequences in Europe present little clinal variation, and divergence dates suggest that many of the mitochondrial haplotypes in Europe have pre-Neolithic origins . Haplogroup V has been proposed as a signal of population expansion after the Last Glacial Maximum (LGM), but the absence of this haplogroup in an ancient sample from the Basque region called this hypothesis into question (Izagirre and de la Rua 1999; Torroni et al. 1998 ). In addition, the presence of 15 individuals in the same sample belonging to mitochondrial haplogroup J, which has been linked to the expansion of Neolithic groups into Europe, suggests some level of admixture.
In the biological anthropology literature, the Basque population has been studied using craniometrics (Broca 1864; Calafell and Bertranpetit 1994) , linguistics (Trask 1997) , blood group antigens (Boyd and Boyd 1937; Chalmers et al. 1948; Chalmers et al. 1949; Etcheverry 1945; Levine 1977; Levine et al. 1974; MacClancy 1993; Mourant 1948) , erythrocytic enzymes (Aguirre et al. 1989; Aguirre et al. 1991; Manzano et al. 1996) , plasma proteins (Manzano et al. 1993) , HLA antigens and haplotypes (Calderon et al. 1998; Dugoujon et al. 1989; Esteban et al. 1998; Hazout et al. 1991) , autosomal STRs (Alonso et al. 1995; Arrieta et al. 1997; Garcia et al. 1998; Garcia et al. 2001; Iriondo et al. 1997; Iriondo et al. 1999; Perez-Lezaun et al. 2000; Perez-Miranda et al. 2005a; Perez-Miranda et al. 2005b; Zlojutro et al. 2006) , mitochondrial haplogroups and sequences (Alfonso-Sanchez et al. 2008; Alzualde et al. 2006; Alzualde et al. 2005; Bertranpetit et al. 1995; Corte-Real et al. 1996; Garcia et al. 2011; Gonzalez et al. 2003; Gonzalez et al. 2006; Izagirre and de la Rua 1999) , and Y-chromosome markers (Adams et al. 2008; Alonso et al. 2005; Bosch et al. 1999; Calderon et al. 2003; Flores et al. 2004; Garcia et al. 2004; Gonzalez-Neira et al. 2000; Lucotte and Hazout 1996; Quintana-Murci et al. 1999; Rosser et al. 2000; Shi et al. 2010) . The Basque language, Euskara, is most widely accepted as an isolate, unrelated to any other extant language in Europe. Genetically, the Basques are outliers in the European distribution for several classical markers, including blood groups ABO, Rhesus, and MNS, erythrocytic enzyme adenylate kinase (AK), and immunoglobulin GM (Izagirre et al. 2001) . Given the linguistic and genetic distinctiveness of the Basques in Europe, and their relative isolation and distance from the epicenter of agricultural development during the Neolithic (beginning about 8500 BC), they seem an ideal population in which to explore the DDM and CDM models.
The Y-chromosome provides a singular perspective on questions of population history. Y markers are paternally inherited, do not undergo recombination, and reflect male lineages and migration. Despite a high mutation rate and consequent homoplasy, Y-STR haplotype variation appears mostly compartmentalized or is restricted to particular SNP backgrounds (haplogroups) (Bosch et al. 1999) . Y-STR data have also been found useful for studies of interpopulation heterogeneity, with STR haplotype grouping demonstrating geographic clines in Europe (Gusmao et al. 2003) . This investigation examines the paternal genetic structure of the Basque population of Spain using Y-STR haplotypes. Frequencies of haplogroups which have been identified as having a TMRCA dating subsequent to the Neolithic (Balaresque et al. 2010; Capelli et al. 2007; Chikhi et al. 2002; Martinez et al. 2007; Semino et al. 2000a; Semino et al. 2000b ) are also estimated from the Y-STR haplotypes to measure their relative contribution to the modern Basque gene pool. Heterogeneity within the Basques is explored to determine whether the provinces have undergone different rates of potential admixture since the Neolithic.
Materials and Methods

Sampling.
During summer field sessions between 2000 and 2002, DNA samples were collected in mountain villages throughout the four Basque provinces of northern Spain (Figure 1 ). Buccal samples were collected from 158 adult male autochthonous participants (those who claimed four Basque grandparents). Six villages were sampled in Alava (n ϭ 41), 17 villages were sampled in the province of Vizcaya (n ϭ 46), 10 villages were sampled in Guipuzcoa (n ϭ 58), and two villages were sampled in Navarre (n ϭ 13). Of the 158 male samples collected in the survey, 126 amplified without allelic dropout (Pawlowski and Maciejewska 2000) and were included in further analyses. This study was approved by the University of Kansas Human Subjects Committee (HSCL #11,955), and participants provided written informed consent.
DNA Analysis. DNA extraction was performed using a standard phenol:chloroform protocol. Y-STR profiles were characterized using the Y-Plex ™ 12 kit (Reliagene Technologies, Inc., New Orleans, Louisiana) to type 11 Y-STR loci (detailed in Table 1 ) plus the sex-determining amelogenin locus, according to manufacturer's instructions. Amplified products were detected using an ABI 377 DNA sequencer. Fragments were sized and genotyped using GENESCAN 3.1 and GENOTYPER 2.5 software (Applied Biosystems).
Comparative Population Data. Y-chromosome STR allele frequency and haplotype data on 36 additional European populations, as listed in Table 5 , were compiled from the literature for comparative purposes: other Basque populations (4) Ireland; Spain (8) Portugal (2); France; Estonia; Italy (3) Belgium; Sweden Germany; Romania; Greece; Bulgaria; Hungary; Latvia; Lithuania; Serbia; Russia; (2) Poland; Croatia; Bosnia. Because not all groups had been typed for the 11 Y-STRs examined in the study population, the seven loci common to all populations (DYS*19, DYS*389I, DYS*389II, DYS*390, DYS*391, DYS*392, DYS*393) were used in the interpopulation analyses.
Statistical Analysis. Allele frequencies and haplotype diversity were calculated according to the methods of Nei (1987) . Y haplogroups were determined from Y-STR haplotypes, using a Bayesian approach with NW Europe priors to estimate the probability of assignment to a particular haplogroup (Athey 2005 (Athey , 2006 . To test the efficacy of the haplogroup predictor algorithm, 116 Basque males typed by Adams et al. (2008) with both SNPs and STRs were used to estimate an error rate assuming the same NW Europe priors. Each Basque Y-STR haplotype was entered into the predictor using the same 11 STR loci typed in the present study, and the resulting predicted haplogroup was compared to the haplogroup determined by SNP analysis (Adams et al. 2008) . Of the 116 haplotypes measured, only one could not be unambiguously predicted. IP889, listed as J2 in Adams et al. (2008) , was given a 43.2% probability of J2 and a 50.6% probability of L. Based on these data, the error rate for the haplogroup predictor algorithm was estimated at 0.86%. For this population, the predictor algorithm appears to be a reliable method of estimating haplogroups from Y-STR haplotypes. Population structure between Basque provinces was explored using analysis of molecular variance (AMOVA) with Arlequin 3.5 (Excoffier and Lischer 2010) . Y-STR haplotype data were used to measure genetic distances between populations with Slatkin's R ST (1995) . Relationships between populations were visualized using an Multidimensional Scaling (MDS) plot in NTSYSpc 2.1 (Rohlf 2005) . Genetic barriers were inferred using the SAMOVA algorithm, which establishes groupings of populations that maximize F CT (Dupanloup et al. 2002) . Post-Neolithic contribution to the paternal Basque gene pool was estimated by measuring the proportion of those haplogroups with a TMRCA dated subsequent to the Neolithic (E1b1b, G2a, J2a) (Capelli et al. 2007; Cinnioglu et al. 2004; Rosser et al. 2000; Semino et al. 2004) .
Results
Haplotype frequencies, haplogroup assignments, as well as allele frequency goodness-of-fit and probability for the 89 Y-STR haplotypes found in the four Basque Provinces are presented in Table 2 . While several haplotypes are shared between provinces (H1 is found in Alava, Guipuzcoa, and Navarre), 92% of the haplotypes are unique to a single province. All but two haplotypes were assigned to a single haplogroup with greater than 95% probability. Seventy-four of the 89 haplotypes (84.1%) are R1b. Six other haplogroups were identified in the Basque sample: E1b1b (5.6%), J2a (4.0%), I2 (3.2%), G2a (1.5%), L (0.8%), and T (0.8%). Haplogroup frequencies by province are shown in Table 3 . Only 8% of haplotypes were found in more than one province, and the AMOVA analysis of provinces (Table 4) shows that while a small but significant amount of variation (1.71%, p ϭ 0.0369) is accounted for between provinces, 98.29% of the total variation is found between males within provinces.
Gene and haplotype diversity values are presented in Table 5 . Gene diversity for the Basque populations range from 0.3966, the lowest value in the overall group, to 0.5137 (Brion et al. 2003; Garcia et al. 2004) . The study population has a gene diversity value of 0.4268. The highest gene diversity is found in the Romanian sample (0.6735). Among the Basques, haplotype diversity ranges from 0.9148, again the lowest value in the overall group, to 0.9631 (excluding the mixed Basque residents sample). The haplotype diversity of the study population is 0.9421. The highest haplotype diversity is found in Greece (0.9983).
The first axis of the MDS plot ( Figure 2 ) shows a separation of Eastern and Western European populations. The first two axes account for 94.90% of the total variation in the sample (I: 75.98%; II: 18.92%), and the STRESSϭ0.11528 (p Ͻ 0.01) and matrix correlation (r ϭ 0.95688) indicate a good fit with the original distance matrix. The Western European populations radiate from the upper left corner of the plot, where the population of Ireland and the Basque groups cluster. SAMOVA results confirm the East-West separation (represented by the black line on the MDS plot), with the highest F CT value (0.06313) seen when the populations are divided into two groups. 14-14-18-24-10-13-13-11-14-12-12 1 R1b 55 100.0% H61
14-14-16-24-11-13-13-11-15-13-11 1 R1b 58 100.0% H62
14-14-16-24-10-13-13-11-11-12-12 1 R1b 55 100.0% H63 14-13-17-25-10-13-13-11-14-12-12 1 R1b 71 100.0% H64 14-13-17-24-11-13-13-10-14-12-12 1 R1b 65 100.0% H65 14-13-16-25-11-13-13-11-14-12-12 1 R1b 90 100.0% H66 14-13-16-25-10-13-12-11-13-12-13 1 R1b 51 100.0% H67 14-13-16-24-11-13-14-12-14-12-12 1 R1b 61 100.0% H68 14-13-16-24-11-13-13-11-15-12-12 1 R1b 88 100.0% H69 14-13-16-24-11-13-13-11-14-11-11 1 R1b 77 100.0% H70 14-13-16-24-11-12-13-11-14-12-12 1 R1b 71 100.0% H71 14-13-16-24-10-13-13-12-14-12-11 1 R1b 66 100.0% H72 14-13-16-23-11-13-13-11-14-12-11 1 R1b 83 100.0% H73 14-13-16-23-10-13-13-11-11-12-13 1 R1b 52 100.0% H74 14-13-15-24-11-13-13-12-14-12-12 1 R1b 64 100.0% H75 14-13-15-23-11-13-13-11-14-12-12 1 R1b 73 100.0% H76 14-12-16-24-11-13-13-11-14-12-11 1 R1b 70 100.0% H77 14-12-16-23-11-13-14-11-14-12-13 1 R1b 47 100.0% H78 14-11-16-25-11-13-13-11-13-12-11 1 R1b 43 100.0% H79 13-12-18-25-11-11-13-17-18-10-11 1 E1b1b 38 100.0% H80 13-12-18-25-10-11-13-17-18-10-11 1 E1b1b 47 100.0% H81 15-14-17-24-10-14-13-11-14-12-12 1 R1b 46 99.5% H82 14-14-17-24-10-13-13-11-14-12-11 1 R1b 61 100.0% H83 14-14-17-24-10-11-13-17-19-10-14 1 E1b1b 37 100.0% H84 14-14-16-24-11-13-14-11-14-12-12 1 R1b 64 100.0% H85 14-14-16-24-11-13-13-12-14-12-13 1 R1b 59 100.0% H86 14-14-16-24-10-13-13-11-13-12-11 1 R1b 61 100.0% H87 14-14-15-24-11-13-13-12-14-12-12 1 R1b 54 100.0% H88 14-13-16-24-11-13-12-12-14-12-11 1 R1b 59 100.0% H89 13-14-16-24-9-11-13-13-14-10-10 1 E1b1b 35 99.9%
a. Haplotype definition locus order: DYS19, DYS389I, DYS389II, DYS390, DYS391, DYS392, DYS393, DYS385a, DYS385b, DYS438, DYS439.
confirms their uniqueness from other Iberian groups, contrary to recent genomewide SNP analysis, likely underpowered or faulty because of biased marker selection (Laayouni and Bertranpetit 2009 ), but in agreement with other, more densely scanned, genomic studies (Nothnagel et al. 2010; Rodriguez-Ezpeleta et al. 2010) . Previous analysis of Y-haplogroups in the Basque country found 86% R1b , which is consistent with the present study, where 84% of the Y-chromosomes were identified as this most common Western European haplogroup. Prior research has also reported the presence of haplogroups E, G2, Q, and I in the Basque population and noted the absence of J in Guipuzcoa (Adams et al. 2008; Brion et al. 2003; Cruciani et al. 2004; Flores et al. 2004; Rootsi et al. 2004 ). The present analysis found haplogroup E1b1b in all four provinces and haplogroups G2a (3.44%) and I2 (6.90%) in Guipuzcoa. Haplogroup J was absent in Guipuzcoa, though J2a was detected in both Alava (9.38%) and Vizcaya (8%). In addition, Guipuzcoa also had low frequencies of haplogroups L (1.72%), and T (1.72%), which have not been reported previously among the Basques. It is possible that these individuals represent mixed Basque descent; that haplogroups L and T are found at low frequencies throughout Southern Europe, including among the Basques; or that these haplotypes were misassigned by the haplogroup predictor algorithm and are actually a rare haplotype in a more common European haplogroup.
Two haplogroups that have been considered markers of non-Neolithic genetic contribution (R1b and I2a2) are found at appreciable frequencies (Ͼ5%) in the present Basque population. Haplogroup R1b shows the highest frequencies in Western European populations, including France (52.2%), the Netherlands (70.4%), Germany (50%), Italy (62%), and Britain (68.8%) (Semino et al. 2000a ). In the British Isles, this haplogroup is found in 79 -82% of males, while in Iberia it ranges from 56% in Portugal to 68% in Spain (Rosser et al. 2000) . Also found in haplogroup R1b is the Atlantic Modal Haplotype (AMH)- defined as DYS19*14-DYS390*24-DYS391*11-DYS392*13-DYS393*13 (Wilson et al. 2001 )-which is observed at a frequency of 50% in the present Basque sample and found at frequencies ranging from 44% in Ireland to 70% in Wales. R1b is considered a Western European-specific haplogroup, which Adams et al. (2008) ; n ϭ 168 Gonzalez-Neira et al. (2000) diverged during the Upper Paleolithic (see Table 6 ), with the high frequencies found along the Atlantic Fringe being attributed to genetic drift during the Last Glacial Maximum (LGM) Quintana-Murci et al. 1999; Rootsi et al. 2004; Semino et al. 2000a; Wells et al. 2001) . Recently, based on an analysis of the geographic spread of variation in R1b, Balaresque et al. (2010) suggested that the majority of paternal lineages present in modern European populations originate during the Neolithic. In particular, they suggest that R1b has its origin in the Anatolian Neolithic (TMRCA 7000 -7989 YA; 95% CI: 4,423-11,014). TMRCA estimates for European populations in this study were generally younger than those in Anatolia, but TMRCA for R1b in Baie de Somme in France (7384 YA (95% CI: 5,259 -10,131) and Bavaria in Germany (7282 YA; 95% CI: 5,059 -10,139) are within the range of Anatolian estimates. While 116 Basques were typed for this study, TMRCA estimates are not provided, and they were excluded from many of the published analyses. Further analysis of R1b Y-STR haplotype variation in Europe and Anatolia using the additional DYS461 locus revealed two core R1b haplotypes (DYS393*13/DYS461*12 in Western Europe vs. DYS393*12/DYS461*11 in Eastern Europe). The majority of Anatolian R1b samples are of the Eastern European type, while those in Sardinia are predominantly Western European and belong to the Atlantic Modal Haplotype (Wilson et al. 2001 ). In addition, this analysis estimated TMRCA for R1b ranging from 32,600 YA in Iberia (95% CI: 25,000 -80,700) to 19,600 YA in Anatolia (95% CI: 19,400 -44,400), well before the advent of agriculture (Morelli et al. 2010) . The discrepancy in TMRCA estimates between the two studies was attributed to the mutation rates used to estimate coalescent times. Morelli et al. (2010) used an evolutionary effective mutation rate (Zhivotovsky 2001; Zhivotovsky et al. 2004 ), whereas Balaresque et al. (2010) used an STR-specific germline mutation rate, which can bias estimates downward under conditions of constant population size. Haplogroup I2a2 has previously been reported among Basques (6%), the populations of Castile (19%), Bernais (7.7%), and Normandy (2.4%), as well as the Irish (2.6%), with a high of 40.9% in Sardinia (Flores et al. 2004 ; Rootsi et King et al. (2007) al. 2004 ). This European-specific haplogroup is believed to have originated in the Pyrenees before the LGM (Karafet et al. 2008; Lopez-Parra et al. 2009; Novelletto 2007; Rootsi et al. 2004) . Several Y haplogroups with TMRCA estimates dated after the advent of agriculture were also detected in the present study: E1b1b, G2a, and J2a (Table  6 ). Haplogroup E1b1b has been reported in many other European populations, including Portugal (4.0%), Spain (3.2%), France (4.7%), Italy (10%), and Sardinia (3.5%). Among the French Basques, the frequency of E1b1b was 6.3% (Cruciani et al. 2004) . Haplogroup E1b1b has a complex history, with evidence of several demographic expansion events (Cruciani et al. 2004; Cruciani et al. 2006; Cruciani et al. 2007 ). The most common variant of this haplogroup in Europe is defined by mutation E-M78, which is believed to have originated in the Horn of Africa, from which it spread to the Middle East and then into Southern Europe during the Neolithic (Semino et al. 2004) . Haplogroup G2a has been reported in Italy (10%), Sardinia (14.1%), Catalonia (8.3%), and Andalusia (2%) and reaches its highest frequency in Palestine (75%) (Francalacci et al. 2003; Semino et al. 2000a; Shen et al. 2004) . Like E1b1b, G2a is considered to have diverged during the Neolithic , spreading from the Middle East into Europe with the advent of agriculture. Haplogroup J2a has been previously reported among the French Basques (13.6%), French (13%), Italians (12-16%), and Greeks (21%), with higher frequencies in Turkey (40%) and Lebanon (29%) (Semino et al. 2004; Semino et al. 2000a) . It is also considered a marker of Neolithic expansion (Capelli et al. 2007; Rosser et al. 2000) , but a more recent maritime route has been proposed for the distribution of J2a from the Middle East through the Mediterranean (Di Giacomo et al. 2004) .
Haplogroup L has been divided into three subclades, L1, L2, and L3. L1 is found at moderate frequency in India (6.3%), whereas L3 is more frequent in Pakistan (6.8%). The majority of European and Anatolian L samples are believed to be L2 (Sengupta et al. 2006) . Haplogroup L2 has been detected in several other European groups, including Andalusia (3.4%), Italy (5.4%), Greece (1.3%), and Hungary (2.2%). It is also found at low frequencies in Turkey (1.6 -4.2%) and Syria (3.2%) Semino et al. 2000b ). The parental haplogroup L originated in East Africa around 30,000 years ago, whereas L2 dates to 14,600 years ago in Turkish populations assuming a model of continuous growth .
Haplogroup T has been found in several other Iberian populations, including Huelva (4.5%), Seville (4.5%), Cadiz (10.7%), Valencia (3.2%), North Portugal (0.9%), and Cantabria (4.3%) (Flores et al. 2004) . It is present at low frequencies in other Western European groups, including Britain (0.5%), Western France (0.5%), Sardinia (1.3%), and Greece (1.3%). Haplogroup T is also found in African populations in Egypt (7.2%), Ethiopia (4.8%), and Somalia (10.5%) and in Middle Eastern groups in Iraq (7.2%), Turkey (2.5%), and Oman (8.3%) (King et al. 2007 ). This haplogroup has been dated to 20,700 yrs ago, and network analysis suggests that haplogroup T is "an ancient and diverse indigenous European lineage, rather than recent immigrants from the Middle East or Africa" (King et al. 2007:585) . Overall, the evidence from the paternal Basque lineages demonstrate a 11% Post-Neolithic contribution based on previously published TMRCA estimates for haplogroups E1b1b, G2a, and J2a (See Table 6 ), with Alava showing the greatest Post-Neolithic genetic contribution (6 of 32 lineages), whereas Guipuzcoa has four of 58 and Vizcaya has three of 25.
A study of admixture rates in contemporary European populations, using 22 Y-SNPs and putative Paleolithic (Basque) and Neolithic (Turkey, Iraq, Syria, and Lebanon) parental populations, found that the percentage of Neolithic admixture varies with distance from the Levant (Chikhi et al. 2002) . Greece, Albania, and Macedonia were described as 100% Neolithic, while Sardinia, the Netherlands, and Andalusia have 0 -16% Neolithic admixture. The authors interpret these results as evidence for the demic diffusion model, but archaeological evidence suggests that modern populations in Greece would have few non-Neolithic markers because of a lack of Paleolithic occupation of that region, though has suggested this may be the result of sampling bias of the archaeological record in Greece. Frequency and variance of Y-chromosome haplogroups in Central Europe suggest the diffusion of agriculture into this area was accomplished by populations bearing the indigenous I-M423 haplogroup, rather than haplogroups linked to the Neolithic transition (G2a and J2a) (Battaglia et al. 2009 ). The average non-Neolithic contribution in 17 populations was found to be 51% for the Y-chromosome, which argues strongly against complete replacement. A meta-analysis of eight data sets, including mtDNA, Y SNPs, and autosomal markers, estimated Neolithic admixture rates in 34 European populations (Dupanloup et al. 2004) . As in the previous study, Basques were chosen to represent the Paleolithic parental population, whereas Near East and Anatolian groups were used as a proxy for the Neolithic parental population. The Neolithic contribution in Europe varied with distance from the Levant, ranging from 80% in the Balkans to only 21% in the British Isles.
During the Paleolithic and into the Mesolithic, the Iberian Peninsula was sparsely populated, particularly in the interior. Most of the sites were coastal, reflecting the comparative wealth of resources (Straus 1991b; Zilhao 2000) . The northern coast of Iberia, known as the Franco-Cantabrian region, was one of two refuge areas during the Last Glacial Maximum, the second being in the Ukraine. Paleolithic populations would have retreated to these areas during the height of the glaciation, and the archaeological record demonstrates an increase in occupation sites between 21,000 -16,000 BP in this region of Iberia (47 sites compared with only 26 for the entire Early Upper Paleolithic) (Housley et al. 1997; Straus 1991a) . Divergence times for Y-chromosome haplogroups R1b and I2a2 have also been dated to this period, suggesting that these haplogroups have a pre-Neolithic origin. Rather than demonstrating evidence of a "wave of advance," the Neolithic archaeological record in Iberia instead shows a leapfrog settlement pattern, again along the coasts (Zilhao 2000) . Mesolithic populations were well established in these areas, and it is likely that small groups of Neolithic "maritime pioneers" would have assimilated, or been assimilated by, the local Mesolithic groups Zilhao 2000; Zilhao 2003) . Based on the archaeological evidence, the entire Iberian Peninsula appears little affected by the Neolithic Transition, lending credence to the idea that the Basques are a reservoir of pre-Neolithic Y lineages, although one which has experienced some admixture since the end of the Last Glacial Maximum.
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